A small group of high-performing East Asian economies dominate the top of the Programme for International Student Assessment (PISA) rankings. Although there are many possible explanations for this, East Asian teaching methods and curriculum design are two factors to have particularly caught policymakers' attention. Yet there is currently little evidence as to whether any particular East Asian teaching method actually represents an improvement over the status quo in England, and whether such methods can be successfully introduced into Western education systems. This paper provides new evidence on this issue by presenting results from two clustered Randomised Controlled Trials (RCT's), where a Singaporean inspired 'mastery' approach to teaching mathematics was introduced into a selection of England's primary and secondary schools. We find evidence of a modest, positive treatment effect that comes at a relatively low per-pupil cost.
Introduction
The Programme for International Student Assessment (PISA) is a major cross-national study of school children's academic achievement. Since its inception in 2000, its ranking of the world's education systems has drawn the attention of academics, educationalists, journalists and policymakers alike. A small group of high-performing East Asian economies (e.g. Singapore, Japan, Hong Kong, South Korea) consistently dominate the top of these international 'league tables'. This is particularly true in mathematics, where children from such countries are, on average, more than one school year ahead of their Western peers.
Consequently, two of the most frequently asked questions by education policymakers today are 'what drives East Asian educational success' and 'what can we do to catch up'?

<< Table 1 >>
There are, of course, several explanations as to why PISA test scores differ between countries in the East and the West. This point is illustrated in Table 1 , which compares various aspects of the education systems in England and Singapore (two countries of particular interest within this paper). A number of substantial differences exist, including school resources, provision of out-of-school tuition and school discipline. Yet, despite these many differences, it is teaching methods and design of the curriculum that has particularly caught policymakers' attention. For instance, to inform upcoming changes to the mathematics curriculum in England, the Department for Education (2012) conducted an extensive review of the mathematics syllabus in a number of East Asian countries. Similarly, a selection of British officials have visited East Asian economies to observe their teaching practices (Department for Education 2014a), under the presumption that this is driving their educational success.
Indeed, as Liz Truss (former Under Secretary of State for Education in England) noted of one such visit:
'this represents a real opportunity for us to see at first hand the teaching methods that have enabled their young people to achieve so well in maths.' [Emphasis our own].
As a consequence of such visits, the Department for Education has now set-up an exchange programme, where teachers from East Asia are being flown into England to demonstrate and apply their teaching methods within this country's schools (see Department for Education 2014b). Thus, despite difficulties in even defining the concept of an 'East Asian teaching method', policymakers continue to believe this to be a key reason why mathematics achievement is so much greater in the East than the West.
Yet simplistic attempts to 'borrow policy' from other countries is problematic (Crossley and Watson 2009) . Two particular issues stand out. The first is causality. There are significant cultural, economic and historic differences between countries, as well as a number of differences in how the education system is designed and managed (see Table 1 ). It is therefore almost impossible to tell from studies like PISA what is leading to the crossnational variation in children's test scores. Indeed, there is very little evidence that East Asian teaching methods, however defined, are actually superior to those currently being used in England's (or other Western countries) schools. Second, even if some East Asian teaching methods are potentially more effective than those used in England, one simply does not know whether they can be successfully implemented within the English, or, indeed, other, educational system. This paper does not therefore attempt to determine whether so called 'East Asian teaching methods' can improve children's achievement in England, especially since it is not even clear what these methods are. Instead this paper provides (to our knowledge) the first evaluation of how introducing a specific teaching approach, inspired by current practise in Singapore, influences achievement within England's schools. This is done via estimation of the causal effect of the 'Maths Mastery' teaching programme after it had been implemented within a selection of England's primary and secondary schools for one academic year. This particular programme is based upon approaches to teaching mathematics in Singapore (ranked 2 nd out of 65 economies in the PISA 2012 mathematics rankings) and, potentially at least, represents a radical change to standard practise in England (see Guskey 2010) . In particular, fewer topics are covered in greater depth, with every child expected to reach a certain level (i.e. to 'master the curriculum') before the class progresses on to the next part of the syllabus together. The notion that Singaporean teachers place more emphasis on whole class mastery of concepts is indeed supported by the Teaching and Learning International Survey (Micklewright et al 2014) . This survey indicates that, whereas three-in-five teachers in
England differentiate their lessons for pupils with different abilities, only one in five
Singaporean teachers do (also see Table 1 ). Greater emphasis is also placed upon children's problem solving skills, with this complemented by an integrated professional development programme for teachers, and the sharing of best practise amongst a network of schools.
This paper reports results from two field experiments designed to estimate the effect of a one year exposure to this programme. A clustered Randomised Controlled Trial (RCT) methodology is used, involving more than 10,000 pupils enrolled in 90 English primary schools and 50 secondary schools during the 2012/13 and 2013/14 academic years. Both the primary and the secondary school trials suggest a positive impact of the programme, though with significant heterogeneity by 'school quality', particularly within the latter. It is perhaps noteworthy that the magnitude of the effect found is similar to that for some other curriculum and pedagogical interventions also attempting to improve basic skills. This includes the 'The Literacy Hour' -a change made to the English curriculum made in the late 1990's -which was found to have a small, positive impact by Machin and McNally (2008) .
The paper proceeds as follows. Section 2 overviews the Maths Mastery (MM) intervention, with our empirical methodology detailed in section 3. Section 4 provides results from the two RCTs. Conclusions and directions for future research follow in section 5.
The Maths Mastery intervention
Maths Mastery is delivered in England by the academy chain ARK. Our study considers two particular versions of their programme; one appropriate for Year 1 pupils (age 5/6) and one appropriate for year 7 pupils (age 11/12). The introduction of a 'mastery curriculum' is central to the Maths Mastery approach. This is where the vast majority of pupils' progress through the curriculum at the same pace, with subject matter and learning content broken into units with clearly defined goals. Academically weaker pupils are expected to reach a basic standard in each unit before the whole class moves on to the next topic together. In the meantime, more able pupils are encouraged to explore the current learning unit in more depth. (This is in contrast to standard practise in England, where more able pupils are accelerated on to learning a new topic). It is thought that this approach reduces the need to repeatedly revisit material, and promotes depth of understanding over memorised procedures.
Other features of MM include a systematic approach to mathematical language (Hoyles 1985) , frequent use of objects and pictures to represent mathematical concepts (Heddens 1986; Sowell 1989) , and an emphasis on high expectations and a 'growth' mind-set (Dweck 2006; Boaler 2010) . For younger children, this translates into prominent use of objects and pictures to illustrate numbers. The approach also prioritises problem solving skills, and encourages deep understanding of mathematics over procedural knowledge (Skemp 2006 Figure 1 . (This technique is typically taught to children from around age 6 or 7). Maths Mastery pupils will recognise that, as the total is 42, the total without the 'ones' (i.e. the grey portions of the bars) equals 39. Then, if the three sections add up to 39, each must be worth 13 (since 39 ÷ 3 = 13). As the question states the numbers are sequential, children then immediately reach the answer of 13, 14 and 15. Further details and examples can be found at www.mathematicsmastery.org/.
<< Figure 1 >>
In the short-term, it is challenging for schools and teachers to move to such a different approach. Therefore, to assist the transition, ARK offers schools the following support during the first 'moving to mastery' year:
 Training and in-school support. Before the programme begins, school leaders, maths coordinators and class teachers receive either one or two days of training. This is followed by two in-school development visits, three multi-school cluster workshops, and access to an online toolkit. (This includes detailed information on continuous professional development resources, assessments and leadership frameworks).
 Curriculum-embedded continuous professional development. Teachers are supported to put the principles into practice through 'lesson designs.' These adapt to the needs of each class via the online toolkit, in the hope that teachers can use lesson planning time to also develop as professionals.
 Collaboration and peer support. Teachers from different schools are encouraged to collaborate to develop best practice (Mulford, Silins and Leithwood 2004) . This is via both face-to-face and online interaction, with a focus upon sharing ideas and supporting one another in applying the approach.
Within our two RCT's, schools in receipt of the Maths Mastery programme had access to this support. A timeline of when activities were provided to schools can be found in Figure 2 .
<< Figure 2 >>
It is not possible to specify precisely the extent to which the Maths Mastery intervention described here approximates the teaching practices and curricula used in East Asian countries such as Singapore (the country from which this intervention draws most heavily). This is because there is no one pedagogy or curricula used across schools in East Asia, though many teachers do use the principles adopted in MM. Clearly the English context is also very different and factors such as teacher familiarity with the basic ideas, teaching quality more generally, and other classroom practices, will differ considerably between England and countries such as Singapore. This will influence the way in which the programme is applied in England. Further some specific Singapore practices, such as the use of very extensive homework, have not been adopted to the same extent in the sample of English schools, an issue we return to below. Perhaps above all one must remember that the Singapore approach includes more 'drill style' pedagogy than the average teacher in England will be accustomed to. Moreover, many will have explicitly rejected such approaches during their teacher career, again an issue we discuss later. Given all this, one cannot claim that this evaluation assesses the potential impact of East Asian or Singaporean pedagogy in English schools per se.
Rather, we evaluate the impact of a programme modelled on, but not synonymous with, Singaporean mathematics teaching approaches.
It is also important to understand that Maths Mastery is designed to take a long term view of transforming maths achievement. The curriculum is cumulative, thus allowing every child sufficient time to access age-appropriate concepts and skills. Starting in Year 1, the main focus is to ensure all pupils have a firm understanding of number. This then allows them to access and succeed in the other areas of mathematics. Schools roll out the approach to subsequent year groups, with a view to transforming achievement by the end of Year 6 (i.e.
five years after the programme was first introduced in schools). It has not been possible to evaluate the cumulative effect of Maths Mastery over five years using an experimental design. Our evaluation therefore considers the impact of a relatively small (one year) dose of the MM intervention, immediately at the end of the first year.
Data and Methods
Overview
In this paper we report results from two clustered Randomised Controlled Trial (RCT) of the Maths Mastery programme in England. One RCT was conducted in the first year of primary school (5/6 year olds) and the other in the first year of secondary school (11/12 year olds) 1 .
The primary trial involved two school cohorts. All pupils within treatment schools were taught using the Maths Mastery approach. Control schools were asked to proceed with 'business as usual', meaning they would continue to use the same curriculum and approaches to teaching mathematics that they had used in previous
years. An accompanying qualitative evaluation of the trial found that 'business was indeed as usual in control schools', with little evidence of any change in practise before and after the intervention took place (see Jerrim et al 2015) .
Recruitment
Recruitment of schools into the trial was undertaken by the charity responsible for delivering the intervention (ARK). Schools were not randomly selected to take part; rather, they were purposefully recruited. Only two formal exclusion criteria were set. First, the schools could not already be using the Maths Mastery programme. Second, schools could not be from the private sector. Otherwise, the charity was free to recruit any school within England.
However, the organisation funding the trial (the Education Endowment Foundation), made clear their preference for the schools selected to have a high proportion of children from low socio-economic backgrounds.
The main implication of this recruitment process is that the 'external validity' of the two trials will be relatively low. In other words, we will only be able to estimate the impact of Maths Mastery amongst schools who were willing to participate in the trial, with our findings not necessarily generalizable to the wider population.
Nevertheless, we are able to provide further information on the characteristics of children and schools who took part in the RCTs, and how this compares to the state school population for
England. Details are provided in Table 2 . (We have standardised each of these scales to mean 0 and standard deviation 1 across the population). Interestingly, whereas cohort A children scored below the national mean on each of these scales (typically by around 0.10 standard deviations), cohort B children tend to score above the mean (again by around 0.10 standard deviations). Hence we cannot say that the schools recruited are typical of schools in England. Rather, they are somewhat more disadvantaged, while also potentially differing from the wider population in certain unobserved ways. England. The sample of secondary schools recruited therefore appears more disadvantaged than the national average.
<< Table 2 >>
Attrition
A total of 90 primary schools containing 5,108 pupils (2,647 treatment and 2,461 control)
were initially recruited into the primary school trial. Seven of these schools (three treatment and four control) dropped out of the study. Moreover, a small number of children in each school did not complete the post-test, due to either absence on the day of the test (e.g. through sickness) or having moved to another school. The final response rate was therefore 92 percent at the school level and 82 percent at the pupil level. Our final analysis includes the 1,868 pupils in the treatment group and 2,308 in the control group for whom both pre and post-test scores were available. See Appendix A for further details.
Analogous figures for the secondary school trial were 50 schools initially recruited containing 7,712 children (4,004 treatment and 3,708 control). Six schools dropped out of the study, with final response rates of 88 percent at the school level and 77 percent at the pupil level.
The final pupil sample size was 5,938 pupils (3,251 treatment and 2,687 control) within 44 schools (23 treatment and 21 control). See Appendix B for further details.
Testing
The tests used in both the primary and secondary trials were selected by the evaluation team, independently of ARK who developed and delivered the Maths Mastery programme.
In the primary school trial, all children were tested at the start and end of the academic year using the 'Number Knowledge' test (Okamoto and Case 1996) . This is an individually administered oral test that takes about 10 minutes to complete, and was conducted by trained staff from a specialist data collection organisation. This test has been identified as highly predictive of achievement in primary mathematics (Gersten, Jordan and Flojo 2005) .
Moreover, Cowan (2011) identified by ARK blind to our analysis). It is expected that children in the treatment group will do no better (and possibly worse) on test questions covering material that is not part of the Maths Mastery curriculum. In contrast, a positive treatment effect is expected on questions where the Maths Mastery programme places more time, effort and emphasis 7 . We shall examine this possibility within our analysis.
Balance at baseline
Regarding the primary school trial, Figure 3 compares ratings. However, none of these differences were statistically significant at conventional thresholds. Moreover, controlling for these school-level variables within our analysis does not appreciably change the results presented below. Consequently, we conclude that balance in the primary school trial is reasonable. 7 Of course it is also possible that the MM programme impacts positively on fundamental mathematical understanding and hence children may do better on both parts of the test.
(13 percent). Nevertheless, there appears to be good overall balance between the treatment and control groups << Table 3 
Analysis: Overall effectiveness
The impact of the Maths Mastery programme is determined by the following OLS regression model:
Where: (1) is -which will show whether or not there is a positive effect of the MM treatment.
Analysis: Heterogeneous effects
The model presented in Equation 1 has specified a common programme effect; that the impact of Maths Mastery will be the same across different groups of children and across different types of school. Yet, in reality, the impact of the programme may vary with factors such as school and teacher quality, and differences in implementation. Of course, our ability to detect such 'heterogeneous effects' is limited, due to the relatively small number of schools who took part. Moreover, our trial was not powered to detect an effect in any specific sub group. Nevertheless, we present indicative evidence on possible heterogeneity in two ways.
First, an interaction term is added to model 1, examining how the effectiveness of Maths
Mastery varies by a well-known school inspection rating in England (OFSTED grade).
Specifically, each school in England is periodically inspected by external assessors, and given a score of between one ('outstanding') and four ('inadequate'). Schools with lower scores are likely to have more problems with pupil behaviour, weaker management and lower quality teaching. A pedagogical change such as Maths Mastery may be less effective in such institutions, due to other challenges and pressures being faced. We examine this possibility within our analysis.
We also examine possible heterogeneity via quantile regression; does Maths Mastery have a bigger impact on the lower tail of the achievement distribution than at the top (or vice-versa)?
Recall that a key element of the programme is the mastery of topics, with the whole class studying the same content area in-depth before moving on to the next topic together (i.e. there is little use of within-class differentiation of content by pupil ability). The intervention may consequently have a particularly pronounced positive impact upon the lowest achieving students, ensuring they have a firm grasp of basics. At the same time, a zero or even negative effect may be observed towards the top of the achievement distribution, as the most academically able children are not allowed to proceed as rapidly on to new material. Such effects would be missed by an investigation of mean outcomes alone. Therefore, to capture potentially important and interesting effects away from the average, we re-estimate equation 1 using quantile regression.
Results
Implementation of the programme
The implementation and fidelity of the intervention was assessed through complementary qualitative research, consisting of telephone interviews, focus groups and questionnaires.
Further details can be found in Jerrim et al (2015) . From this work, three key findings emerge.
First, it seems the majority of intervention schools did genuinely attempt to implement key aspects of the Maths Mastery programme. Indeed, increased use of 'enquiry based learning' (i.e. problem solving) was found within the treatment schools. Likewise, there was greater use of manipulatives and visual learning techniques such as bar modelling (see Figure 1) ; key aspects of the Maths Mastery approach. Increased collaboration amongst teachers was also found. In contrast, no equivalent changes were reported for control schools, who seemed to adhere closely to the principal of 'business as usual', though of course there was heterogeneity in what that constituted.
Second, despite this broad adherence to the core principals of the programme, there was also significant heterogeneity between schools in how the intervention was implemented. For instance, teachers in some schools made significant adaptions to the materials provided, while in others comparatively few changes were made. Schools also differed with respect to the amount and type of homework they set; some developed their own worksheets following the principals of Maths Mastery, while others did not. Another example is that one school implemented the programme using young teachers, though there is little evidence that this practise was widespread. Nevertheless, this demonstrates how specifics around the implementation of the programme did vary by school.
Finally, the qualitative research team put forward the view that 'success [of the intervention] seemed to depend upon prior beliefs of teachers' (see Jerrim et al 2015) . Indeed, there was much enthusiasm for the programme in some schools, with quite some resistance to change in others. This, along with differences in implementation, enhances the possibility that the programme may have been more effective in certain types of schools than in others.
This provides further motivation for exploring heterogeneous effects of the intervention, as we shall investigate below.
Overall impact of the Maths Mastery programme Table 4 presents estimates of the impact of the programme within primary schools. Results are presented for (a) all schools enrolled in the trial and (b) separately for cohorts A and B.
The estimated treatment effect is approximately 0.10 standard deviations, with an almost identical figure for each of the two cohorts. This reaches statistical significance at the ten percent level (t = 1.82; p = 0.07), with the 95 percent confidence interval ranging from -0.01 to +0.21. There is thus some evidence that introducing this particular teaching method into England's primary schools has had a positive effect upon children's mathematics skills. But the reasonably wide confidence interval suggests there is also a degree of uncertainty around this result.
<< Table 4 >>
Estimates for the secondary school trial can be found in Table 5 . The left-hand most column refers to results when total test scores are the dependent variable. The middle and right hand columns then divides this into performance on questions that were and were not covered within the Maths Mastery curriculum. Table 5 suggests that the secondary school intervention was associated with a small increase in overall mathematics test scores (effect size = 0.06) though this did not reach statistical significance at conventional thresholds. As perhaps expected, the MM intervention did not have any impact upon children's performance on questions that covered topics outside the Maths Mastery curriculum, with the estimated treatment effect essentially being zero. Thus, despite substituting away from these areas, there is no evidence that the reduction in children's learning time had any detrimental impact upon their ability in these areas. In contrast, the treatment had a more pronounced effect upon material that was focused upon within the MM curriculum (effect size = 0.10), reaching statistical significance at the five percent level (t = 2.15; p = 0.04). This effect is of a similar magnitude to that found for overall test scores in the primary school trial (0.099 standard deviations) 9 . An over-arching summary of the two trials is presented in Table 6 below.
<< Table 5 >>
9 In additional analysis, we examined whether there was an interaction between the MM treatment in secondary schools and (i) gender, (ii) Key Stage 2 (baseline) test scores and (iii) eligibility for Free School Meals. All interactions were small and did not approach statistical significance at either the five or ten percent level. This held true for both overall test scores and sub-components of the PiM test.
<< Table 6 >>
Heterogeneity by school and teaching quality Table 7 provides the key model parameter estimates. Our discussion will focus however upon the grey shaded rows in the bottom half of the table. These provide the estimated treatment effect within each OFSTED-rating group. Note that these ratings were not available for four primary schools and three secondary schools, which have therefore been excluded from this part of the analysis.
<< Table 7 >>
Within both the primary and secondary RCTs, the point estimates suggest the intervention may have been more effective within higher quality schools. The treatment effect upon overall test scores in 'outstanding' schools was very similar in the primary (+0.116) and secondary (+0.127) trials. A similar finding holds for schools rated as 'good'; the Maths Mastery intervention led to a +0.076 standard deviation improvement in primary schools and +0.071 standard deviations in secondary schools. In additional analysis, we found similar results when the interaction with OFSTED 'teaching quality' scores were used rather than schools overall OFSTED grade. Together, this provides further evidence that the programme led to a small improvement in children's mathematics skills -at least when implemented within well-functioning schools.
However, the effectiveness of the programme in lower quality schools (i.e. those rated as 'requires improvement' or 'inadequate' by OFSTED) is in more doubt. The estimated treatment effect in 'requires improvement' / 'inadequate' primary schools remained positive, though was rather small (+0.059 standard deviations). This is around half the impact observed in outstanding schools (+0.116 standard deviations), though our limited sample size means this difference did not reach significance at conventional levels.
A similar finding holds for the secondary school trial, though the difference is much more pronounced. Specifically, the Maths Mastery treatment actually had a large, negative and statistically significant effect within 'requires improvement'/'inadequate' schools (-0.27 standard deviations). In other words, the intervention group actually made less progress than children in the control group. This compares to the gains made by the treatment group amongst children attending good (+0.071) and outstanding (+0.127) schools. As demonstrated by the top half of Table 7 Panel B, this difference between school-types is statistically significant at conventional levels. This, in turn, helps to explain why the previous sub-section found Maths Mastery to have a lower overall impact in secondary schools than in primary schools. Specifically, this seems to be driven by the pronounced negative impact of the programme in a small number of 'low quality' schools.
Quantile regression results 
<< Figure 4 >>
There is relatively little evidence of the programme having different effects on children with different levels of mathematics ability. The primary school effect is slightly smaller at P20
and P30 (0.07) than at P60 to P80 (≈0.10), though the magnitude of this difference is small, and insignificant at conventional thresholds. In comparison, the secondary school trial effect size is around 0.05 at every decile expect P20 (where it increases to 0.10 A similar exercise has been completed for secondary schools. The upfront cost to a school of participating in the programme is £6,000 per annum. Ten days of staff time is required for training; half a day for the headmaster; two and a half days for the head of maths and one day for each maths teacher (there were on average seven maths teachers per schools). Day rates were calculated as above. Total training costs are therefore equal to £1,740 per school per annum. This gives a total cost per secondary school of £7,740. There was, on average, 154 pupils per secondary school (7,712 children across the 50 initially recruited schools), meaning the per pupil cost was £50 per annum.
These figures are used to calculate the Cost Effectiveness Ratio (CER); how much does it cost to raise children's mathematics test scores by 0.01 standard deviations? Table 8 Using the most conservative numbers (small effect of the MM programme and high costs per pupil) it costs £24 per 0.01 standard deviation increase in children's maths test scores. The analogous 'lower bound' figure using 'optimistic' assumptions (high effect of the programme and low per pupil cost) is just £5. Although this range is quite wide (reflecting the inherent uncertainty in such analyses), this should not distract from the general message that, under all scenarios, the CER is relatively low. However, it is important to note that these figures refer to the 'average' CER only; given the potential for heterogeneous impacts discussed above, the trade-off between costs and benefits is likely vary significantly from school to school.
Moreover, there are likely to be other costs of schools moving to the Maths Mastery programme; ones that are difficult to place a monetary value upon. The accompanying qualitative research of the intervention revealed that teachers had to spend additional time changing some of their material (including children's homework). Likewise, some teachers suggested the programme increased aspects of their preparation time. Another possible cost is 'disruption'; the organisational time and hassle to successfully implement such a change within schools. Such disruption costs may be relatively low in schools that were willing participants in this trial, but could be much greater in the state school population as a whole.
Finally, were the programme to be rolled out at scale, one could not rule out this having an impact upon teacher attrition and an increased need for additional professional development, due to teachers' existing knowledge and skills becoming obsolete. We are particularly mindful here of the qualitative research which did suggest some teachers did not like the programme. programme -a method of teaching mathematics to school children modelled broadly on the approach used in Singapore. By combining evidence from across two Randomised Controlled Trials, we find consistent evidence of small yet positive treatment effects (particularly within higher 'quality' schools).
Conclusions
These findings have potentially important implications for education policy and practice. On the one hand, the small effect size suggests it is unlikely that widespread introduction of this particular programme would springboard Western countries like England to the top of the PISA educational achievement rankings. In other words, it cannot be seen as a 'silver bullet' that will guarantee a country success in mathematics. Yet this does not mean that implementing this teaching method is not a worthwhile investment to make. Even small effect sizes can be economically efficient, with the combination of several such interventions potentially having a large impact overall. Thus, although we advise policymakers that further evidence is still needed, the Maths Mastery programme nevertheless shows signs of promise, and should now be tested over a longer time horizon and a greater number of schools.
This recommendation should, of course, be interpreted in light of the limitations of this study.
Four particular issues stand out. First, we have estimated the effect of a small (one year) 'dose' of the Maths Mastery programme, with our evaluation conducted after the first year it has been implemented in schools. More evidence is needed on its impact after teachers have become more familiar with its novel approach, and after children have been exposed to the programme for a prolonged period of time. Second, impact has only been measured straight after the intervention has finished. Longer-term measurement of the lasting impact of this teaching method is needed. Indeed, we are not able to rule out the possibility that the small positive effect we find would 'fade out' if outcomes were measured at a later date (not directly at the end of the trial). Third is the issue of external validity; schools were purposefully recruited into the two trials and were not randomly sampled from a well-defined population. Although this limitation is common to many RCT's, further work should consider the extent to which our findings generalise to the population of England's schools. Fourth, one cannot rule out the possibility that the small positive effect we observe is due to 'Hawthorne effects'; treatment and control schools knew their assignment status which could have led to differences in their behaviour throughout the academic year and when completing the post-test. Finally, we remind the reader that both the primary and secondary school trials only had modest levels of statistical power. Future work should look at ways to improve the precision of estimates at different stages of the Maths Mastery programme (e.g. primary versus secondary school), and for different types of school, including through the use of quasi-experimental methods. 'Standard' approach (trial and improvement):
Children start with what they believe a reasonable estimate of the answer to be (e.g. 7, 8 and 9). They then find these sum up to 24, and so realise the set of numbers must be higher. Three higher numbers are therefore tried (e.g. 15 + 16 + 17), which in this example sum up to 48. Children will then add together another set of numbers, higher in value than the first set, but lower in value than the second set. This iterative process continues until they reach the answer of 13, 14 and 15.
'Maths Mastery' approach: The Maths Mastery approach involves 'bar-modelling' (shown below). Children would draw out the bars shown below or make them out of play blocks. They would then recognise that the total 'without the ones' is 39 (i.e. that 42 -3 = 13). From this, they would then deduce that the grey portion of each bar is worth 13 (i.e. 39 ÷ 3 = 13). They would then simply 'add the ones' back on to the lower two bars to reach the answer of 13, 14 and 15.
If the smallest number is shown as a bar:
PLUS
The next number is one bigger:
The final number is one bigger again: Table B2 suggests that boys and children in receipt of FSM were also more likely to have missing post-test data than their female, non-FSM counterparts. Specifically, 37 percent of treatment group non-respondents were eligible for FSM, compared to just 28 percent of respondents. Likewise, 52 percent of control group respondents were male, compared to 58 percent of non-respondents.
Together, Appendix Tables B1 and B2 suggest that attrition from the sample is not random. Rather, lower-achieving, disadvantaged boys were more likely to have dropped out of the study than other groups. It will therefore be important to compare balance of observable characteristics between treatment and control groups both before and after attrition has been taken into account.
